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Abstract Understory plants in closed 70-year-old even-aged Douglas-fir stands in north 


central Washington were destructively sampled to determine the relationship of 
ground cover and height to dry weight. Weight of plant material can be 
estimated from the product of plant height and percent ground cover on 50- x 
100-centimeter (cm) quadrats. Correlation coeffients for equations developed 
range from .70 to .96. The equations are best suited for calculating loadings in 
similar stands. 


Keywords: Biomass, fuel loads, sampling methods, understory layer, woody 
plants, forbs, Douglas-fir, Pseudotsuga menziesii. 


Introduction Appraising the biomass of forest understory vegetation concerns both range 


and fire managers because the loading (weight per area) of shrubs and forbs 
determines, in part, the ability of a given area to support wildlife or propagate 
fire. In recent years, researchers have found that loading is well correlated with 
ground area covered by plants, plant height, and plant basal area (Brown and 
Marsden 1976, Alexander 1978, Evans and Jones 1958, Payne 1974). Calculating 
loading by this method is an improvement over the destructive sampling 
methods used previously. 


In conjunction with a preliminary evaluation of the short-term effects on fire 
hazard of the western spruce budworm (Choristoneura occidentalis) (Martin and 
Olson 1979), relationships among plant ground cover, height, and dry weight 
‘were developed for seven important understory species in closed Douglas-fir 
(Pseudotsuga menziesii) stands of north central Washington. 


CRAIG M. OLSON and ROBERT E. MARTIN are research 
foresters at the Silviculture Laboratory, Pacific Northwest 
Forest and Range Experiment Station, Bend, Oregon. 


Methods 


Analysis 


Results 


Plots for destructive sampling were located in four Douglas-fir stands in the 
Okanogan Highlands in north central Washington. The stands are an even-aged 
seral stage of the Douglas-fir/pinegrass habitat type (Pseudotsuga menziesii/ 
Calamagrostis rubescens). Thirty 50- x 100-cm quadrats were randomly located 
within each stand. On each quadrat, height, percent cover, and loading were 
measured for each species. Cover was occularly estimated as a vertical 
projection of ground surface covered by the plant in percent classes, beginning 
with 0-2.5, and proceeding in 5-percent increments to the heaviest cover. Height 
of all plants was measured from the forest floor to the estimated average 
height of the plant in size classes of 5 centimeters after an initial class of 0-2.5. 
“Average height” of single-stem species was determined by taking an average 
of all plants of a species on the quadrat; “average height” of bushy shrub 
species was determined the same way but disregarding the occasional single 
sprigs that extended above the main bush. Loading was determined by clipping 
all vegetation at the forest floor and weighing, by species, to the nearest 

.1 gram (g) after oven drying for 48 hours at 70° C. 


An additional observer independently estimated height and percent cover on 
each quadrat to determine the consistency in estimation. 


The independent variables percent ground cover and height were linearly 
regressed against loading, and a family of equations was developed to describe 
the relationships. Both linear and allometric equations were examined to 
determine the relationships. These were based on: height, cover, height times 
cover, height squared, cover squared, height squared times cover, and height 
times cover squared. Equations with the highest correlation coefficient (R’) 
were selected as the model equations for each species individually and for all 
species combined. 


A total of 13 species occurred on 120 quadrats (table 1). The slope coefficients 
of the independent variables were significantly different from zero (P<0.01) for 
each species observed 20 or more times. 


For most species, percent cover times height was the relationship most closely 
correlated to loading. Sidebells pyrola (Pyrola secunda) and pinegrass were 
most closely correlated to percent cover alone (table 2). The 13 species 
combined showed a close correlation between loading and cover times height 
(Rev=50:85): 


There was an average difference of 1.5 percent between observations of ground 
cover made by two trained observers. Since the average cover value was 12.76 
percent, the independent observation represents a 12-percent error. Stand 
characteristics are listed in table 3. 


Application 


Loading of understory vegetation can be calculated by determining percent 
ground cover and height of each plant within a 50- x 100-cm quadrat and using 
the appropriate equation. Height can be measured in classes of 0-2.5, 2.5-7.5, 
Tico t's eee cm (see Methods) and ground cover estimated as a vertical 
projection of ground surface covered in classes of 0-2.5, 2.5-7.5, 

7.5-12.5, ... . 92.5-97.5, 97.5-100 percent. The number of quadrats necessary for 
adequate estimates of plant height and cover depends on the precision 
required (Cochran 1963). 


Tables 4 and 5 are prepared for easy estimation of herbage loading in English 
and metric units. The limits of the sampled data are outlined. 


Table 4—Predicted herbage loading in tons per acre by ground cover and height’ 


Ground cover (percent) 
Height 10 20 30 40 50 60 70 80 90 100 


inches 
5 0.45 0.52 0.58 0.65 
10 S104 TAT 1:30 
15 Be 52 6 |. 4:96 
20 1.04 1.30 1.57 2354 261 
25 fot Ghee oe) AAO) 168° e1OGe) 20 2161s 204° 3.27 
30 398 518 lhl Oh. A909 eco (4) SAA" (353. 3.92 


‘Numbers within the lines are within the limits of data sampled. 


Table 5—Predicted herbage loading in tonnes per hectare by ground cover and 
height' 


Ground cover (percent) 
Height 10 20 30 40 50 60 70 80 90 §86100 


centimeters 
10 1.14 
20 2.30 
30 3.45 
40 4.61 
50 2.30 2.88 4.03 4.61 St 
60 168, Vist.) 20r wile ao "4.15 4.84 553° 6:23 .6.92 
70 OO. Ol) 2a wee 4:03 4.84 5.65 6.46 7:27 8.08 
80 iinet 2701) 3.09 4.61556 6:46 7:38-8:31. 9:23 


‘Numbers within the lines are within limits of data sampled. 


Methods 


Analysis 


Results 


Plots for destructive sampling were located in four Douglas-fir stands in the 
Okanogan Highlands in north central Washington. The stands are an even-aged 
seral stage of the Douglas-fir/pinegrass habitat type (Pseudotsuga menziesii/ 
Calamagrostis rubescens). Thirty 50- x 100-cm quadrats were randomly located 
within each stand. On each quadrat, height, percent cover, and loading were 
measured for each species. Cover was occularly estimated as a vertical 
projection of ground surface covered by the plant in percent classes, beginning 
with 0-2.5, and proceeding in 5-percent increments to the heaviest cover. Height 
of all plants was measured from the forest floor to the estimated average 
height of the plant in size classes of 5 centimeters after an initial class of 0-2.5. 
“Average height” of single-stem species was determined by taking an average 
of all plants of a species on the quadrat; “average height” of bushy shrub 
species was determined the same way but disregarding the occasional single 
sprigs that extended above the main bush. Loading was determined by clipping 
all vegetation at the forest floor and weighing, by species, to the nearest 

.1 gram (g) after oven drying for 48 hours at 70° C. 


An additional observer independently estimated height and percent cover on 
each quadrat to determine the consistency in estimation. 


The independent variables percent ground cover and height were linearly 
regressed against loading, and a family of equations was developed to describe 
the relationships. Both linear and allometric equations were examined to 
determine the relationships. These were based on: height, cover, height times 
cover, height squared, cover squared, height squared times cover, and height 
times cover squared. Equations with the highest correlation coefficient (R’) 
were selected as the model equations for each species individually and for all 
species combined. 


A total of 13 species occurred on 120 quadrats (table 1). The slope coefficients 
of the independent variables were significantly different from zero (P<0.01) for 
each species observed 20 or more times. 


For most species, percent cover times height was the relationship most closely 
correlated to loading. Sidebells pyrola (Pyrola secunda) and pinegrass were 
most closely correlated to percent cover alone (table 2). The 13 species 
combined showed a close correlation between loading and cover times height 
(Res—20:85): 


There was an average difference of 1.5 percent between observations of ground 
cover made by two trained observers. Since the average cover value was 12.76 
percent, the independent observation represents a 12-percent error. Stand 
characteristics are listed in table 3. 


Application 


Loading of understory vegetation can be calculated by determining percent 
ground cover and height of each plant within a 50- x 100-cm quadrat and using 
the appropriate equation. Height can be measured in classes of 0-2.5, 2.5-7.5, 
TRO ZKO rr dare cm (see Methods) and ground cover estimated as a vertical 
projection of ground surface covered in classes of 0-2.5, 2.5-7.5, 

7.5-12.5, ... . 92.5-97.5, 97.5-100 percent. The number of quadrats necessary for 
adequate estimates of plant height and cover depends on the precision 
required (Cochran 1963). 


Tables 4 and 5 are prepared for easy estimation of herbage loading in English 
and metric units. The limits of the sampled data are outlined. 


Table 4—Predicted herbage loading in tons per acre by ground cover and height' 


Ground cover (percent) 


Height 10 20 30 40 50 60 70 80 90 100 
inches 
5 OF4 5 0!525 058m Ol65 


10 SIT A04 Aa eo 
15 1:37), 1.57 AetGweaege 
20 1.04 157 2:35, 12bt 
25 82) 65) S80 sicOmeese 196 229 261 2:94 3.27 
30 39) 761 ie otemecomeacs 62.74 3.14 353 3:92 


‘Numbers within the lines are within the limits of data sampled. 


Table 5—Predicted herbage loading in tonnes per hectare by ground cover and 
height! 


Ground cover (percent) 
Height 10 20 30 40 50 60 70 80 90 100 


centimeters 
10 0:60) 0:91, 1:03) “td 
20 1:67, 4.84 “2:07 2:30 
30 241 276) 3:11) BAa 
40 3.22 3.69 4.15 4.61 
50 2.88 4:03 4:61 1-519 5.77 
60 oO lof e Omen o 3:45 4.15 4.84 5.53 6.23 6.92 
70 0 1-61) 241 3:22 4.03 4.84 5.65 6.46 7.27 8.08 
80 il se sefoena.o9 4.01 5.53 6.46 7.38 8.31 9.23 


‘Numbers within the lines are within limits of data sampled. 


Discussion 


Table 3—Stand characteristics by defoliation site (The plot means were 
averaged to get stand means except where sample size is indicated)! 


Diameter of | Number of 


Level of Height of Crown height trees >12.7-cm annual rings 
stand Canopy dominant and of dominants Stems/ (>5-in) of dom. & 
defoliation coverage codominants and codominants per hectare breast height codom. Slope Aspect Elevation 
Percent Meters Meters Centimeters Percent Meters 
High Xz 0S:3 20.98 9.14 1,130 20.8 61.9 20 N 1 250 
s 83 1.58 1.88 267 1.84 330 
n = 11 11 — _ 11 = = — 
Medium xX. 67.4 17.56 8.69 1,093 Wet 63.2 48 WNW 1 150 
St 5.22 3.42 83 1.05 BOP 
n = 12 12 — = 10 = = = 
Low xX 66.88 19.17 8.69 1,145 lived 63.2 46 N 1 350 
Ss 1.70 1.16 1.94 220 Wow 5.61 — _— = 
n = 10 10 = = 9 — = = 
No X 66.03 19.71 15.47 1,085 19.1 62 44 N 1 350 
Ss 3.40 2.67 17.12 114 2.22 7.18 = = — 
n — 12 12 = — 13 — = = 


‘From Martin and Olson (1979). 
2X = average 

n number 

Ss standard deviation. 


The equations developed in table 2 show a high degree of correlation between 
ovendry weight of forbs and percent ground cover times height. Variation 
unaccounted for by the independent variables is due to sampling variation, 
variation within classes of height and percent ground cover, and variation in 
ocular estimates. 


Various researchers have shown that percent ground cover alone (Payne 1974) 
or percent ground cover times height (Crafts 1938) can be used to determine 
loadings of forbs and small shrubs at an acceptable level of precision. 
Equations developed for a species or group of species within one or two plant 
associations may not be acceptable for other plant associations because of 
variations in plant habit. Alexander (1978) and Brown and Marsden (1976) 
developed equations for species included in this study, but they found different 
correlations between cover, height, and weight. The equations developed in this 
study will work best in relatively closed Douglas-fir stands similar to those of 
north central Washington where data for this study were collected. Also, 
equations were developed from a limited range of values of the independent 
variables and should not be extrapolated much beyond the limits of the original 
data. 


Table 1—Species and number of plots on which each occurred 


Scientific name 


Pachistima myrsinites 
Pyrola secunda 
Vaccinium scoparium 
Luzula spp. 
Calamagrostis rubescens 
Thalictrum occidentale 
Goodyera oblongifolia 
Osmorrhiza chilensis 
Chimaphila umbellata 
Viola spp. 

Rosa spp. 

Clematis columbiana 
Spiraea betulifolia 


No. plots 


77 
31 
26 
22 
34 
21 
31 


QS =) oi tS 


Common name 


Myrtle pachistima 
Sidebells pyrola 
Grouse whortleberry 
Woodrush 

Pinegrass 

Meadow rue 

W. rattlesnake plaintain 
Sweetroot 

Prince’s Pine 

Violet 

Rose 

Columbian rock clematis 
Spirea 


Table 2—Equations for estimating ovendry plant weight (y) (g/.5m?) 
from percent plant ground cover (x,) and plant height (x,) (cm) 


Species n 

Pachistima 7 
Sidebells pyrola 31 
Grouse whortleberry 26 
Woodrush 22 
Pinegrass 34 
Meadow rue 21 
Goodyera 31 
All species (13) 257 


‘Standard error of y given x. 


Re A Nit ay ye 


. 
= .78009 + 
= .10045 + 
= .39309 + 


= 1.66075 + .06348 x, x, 
= —.23194 + .50639 x, 
= .87180 + 
= 00709 


Equation R? Sy.x' 
95 9.83 

.86 221 

.03988 x, x, 82 Noval 
.06835 x, x, .90 0.83 
.25822 x, 10 0.03 
.00639 x, x, .96 0.39 
30382 X; X, .83 1.03 

385: 10:39 


=, —.62689 + .05778 x, x, 


Summary 


Acknowledgement 


Literature Cited 


Percent ground cover times height, or percent ground cover alone, are well 
correlated to loading for the seven principal plant species occurring in the 
understory of Douglas-fir stands in north central Washington. Weight per area 
can be calculated with relative precision from equations developed in this 
study. This method provides a relatively simple, quick, and nondestructive 
method for estimating biomass or fuel loading. . 


Work leading to this publication was supported in part by the CANUSA Canada/ 
US Spruce Budworms Program-West, an accelerated Research and 
Development Program sponsored by the USDA Forest Service. 


Alexander, Martin E. 
1978. Estimating fuel weights of two common shrubs in Colorado lodgepole 
pine stands. USDA For. Serv. Res. Note RM-354. Rocky Mt. For. and Range 
Exp. Stn., Ft. Collins. 4 p. 


Brown, James K. and Michael A. Marsden. 
1976. Estimating fuel weights of grasses, forbs, and small woody plants. 
USDA For. Serv. Res. Note INT-210. Intermt. For. and Range Exp. Stn., 
Ogden. 11 p. 


Cochran, William G. 
1963. Sampling designs. John Wiley and Sons, Inc. 413 p. 


Crafts, Edward C. 
1938. Height-volume distribution in range grasses. J. For. 36:1182-1185. 


Evans, Raymond A. and Milton B. Jones. 
1958. Plant height times ground cover versus clipped samples for estimating 
forage production. Agron. J. 50:504-506. 


Martin, Robert E. and Craig M. Olson. 
1979. Preliminary evaluation of short term fire hazard modification caused by 
western spruce budworm outbreaks. Report submitted to the CANUSA- 
Spruce Budworm Program-West. USDA For. Serv. Pac. Northwest For. and 
Range Exp. Stn., Portland. 40 p. 


Payne, Gene F. 
1974. Cover-weight relationships. J. Range Manage. 27(5):403-404. 


GPO 992-537 


, dee pe, Peaeet ¢ 

i iin / 
Fett A eiten > 4 ae CPP a 
Tareepetenj ached Gyclgict i 
Sin abotites ee # 2 : CF Relat: : t 
A Ah Be tee - 
nity 


DR bag st 


Cie Nea hd 
Oat ahaa don ae 


etry er) 
sodadeoe, aoey Sett 
popes 


MisPade eke Seok ail wmves bad vi Pads Meda 
Ce rt ee eae PR ee eee a ae et 
fo 


ee BaP bs ohh dw Be Fibatmoke eck tans & mai Sengrabgeosurayenl 
oa We tera Wetet  ESa Pam os he. v a 
os SMO Aeh vUarinadet tient lnk Lom bad et hon ot Meal 
its 
se 


Mole 
ofl 3, 


ite Ot Paste 
eT 
Vel dices 


or 
Cre eet ae a ae 
3 Decry ers 
caret ‘ ; 
“ 


aoe 
Sacer bad tothe! r 
shemale miPyiarie diet etedia cle 
cats \ Guetetarabisas titgeas 3 
fxreh 2 ocd 
abe Peseeah 
ape ee Ta 
c BE Seicicins Poe 
ec Re hie: 


Sihis 
eR Ara) 
DS oi 2 
ey pes 
reorett Thes Dn tpanecte 
tat ee oes be 


Fn vie 
Th Phar’ 
teres sins 


aN he 
Ceerarns 
ay Hive 2 
Vie ae 
Pree Ut rie aay ate 
8 PVN ve 
rE pee CS reer ies 
Lp late teen Bae oe Lek Tel ue beers ah 
FP ard oh ad Pye tm ee sNyept tens feet Fe 
4 Pere iar at 
Paeirers 
er ST asin 


rs 
pinta tm 94) JB" o Doand (0. daoy, 
tes 


FS.2 AP ree 
Fo 


Peet tie 


ft pete orn aPn Pe? 


oye 


rere) 


ban 
Puteri caree 


wibosteian? 
Bel ytytyte Tir araryrs gee 


Ty estaarebaty re rh, pales 

Olin « 
Pat so wes 
pita cee ten 


PV TEN* Ar nye of* a 
Spretara oye ALF) Se 
ose 


Partha etter get 
Bytes ey 


cos 
Weararary 
foatdii Goa labe 


tara 
Ceti ver ne 
* ro 

ie 

eee Ar Gree cy he 
= POC eee ear 


i 

: nee 
Sista : Fisch 

=o bien Stati 4 


-Stt CES 


eee 
smote eee eae 
Tec pyre ede 


sen iy are ¥ ie 
hreehe hy Sisal eee a 
were Weems 
ay 


vets 
By meraire ay 


Pea St 
SSE oes: 
woeteesbarem estat 


OF SWE igen 


uC 
crea 
re 


hee we 


Vie ee tye 
SOLO RS eR 


‘ 
Co re rere ary 


ST 
anak , 
relearn ies 


Roce ees eet 


AItPOLoAte NDS LTR orate testa 
sibswthusereesmanty 
JUat terete |e 
Se 
Noro erhttrti ty 
Whe Ned tale 
ak 
i a aS cee Cerna 
Tah's: * ly 


wet 
tee 
* 
veers eowheete 


CNV ECW eek pele 
sv shore 1 ‘ (3 CEILI 
40h sh ao ahe ie ah of hs cs te 


H etahb ty baru erasesa ty ety o 
See Corwen! ’ Ppa tskiytety 
ed to sie eras oy : 
sarah ah f 

ee ee 


. 
Seren 


Sea a oy ary 
meen gees 
niet rene as “cts 

ee a Wee Capt ey 

a | At et met tan gh: Ly, 

Raat noel \ 
eteresiseetce's Go Hove tg tet 
rer etan ean sess } . te Cerne 


